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INTRODUCTION

As partof its exploratorynoiseand sonicboom researchprogram,the
ArmstrongAerospaceMedicalResearchLaboratory(AAMRL)with !ts
contractor,SystemsResearchLaboratory(SRL),designedand builta
SonicBoom EventAnalyzerRecorder(BEAR)system. The intentof this

• developmentwas to providethe Air Forcewith a readilyportable,
unmannedrecordingsystemwhich couldefficientlyand accuratelymonitor
the acousticenvironmentand identifyand recordfull sonicboom pressure-

. time signatureswhile rejectingunwantednoiseeventsproducedby
subsonicaircraft,groundvehicles,gunfire,wind and other sources.

The BEAR system,which is describedin the next section,was
extensivelycheckedand calibratedin the Laboratoryduringdevelopment.
The purposeof the boom measurementprogramdescribedin this reportwas
to field-checktwelveBEAR systemswith actualsonicboom environments
in orderto verifytheir capabilitiesand establishtheir credibility
over their fulldesignrange. Accordingly,AAMRL conductedtests at
EdwardsAFB, CA on 16-18 Sep 86 with the supportand interestof NASA
who simultaneouslydeployedtheir analog,manned,sonicboom recorder
systems. The specificapproachwas to comparein detailthe data
gatheredby the Air ForceBEARswith those gatheredby the NASA systems.
This reportdocumentsthe resultsof this test program.

I nlnml
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DESCRIPTIONOF TEST

AAMRL FullSignatureSonicBoom Recorder

The Boom EventAnalyzerRecorder(BEAR)is a 16 bit microprocessor-
based instrumentthat continuouslysamplesthe acousticenvironmentther_
capturesand storesthe digitalwaveformof any loud impulsivenoise
(Figure1). The recordercan discerna sonicboom fromthe normal
backgroundnoiseand captureit in permanentsolid staterandomaccess
memory(RAM)storagefor later analysis. The RAM modulescan then be
interfacedwith a Data RetrievalUnit (DRU)and the informationon the
DRU transferredto a ZenithZ-IO0 microcomputer(Figure2). The
microcomputerdisplayseach recordedevent,time of occurrenceand
summaryinformationfor all the data stored.

The BEAR digitizesthe noiseenvironmentat an 8 kf;zsamplingrate
and analyzesit duringthe downtimebetweenthe samplingintervals
givingit real-timescreeningfor sonicboom events. The BEARexamines
the event level,duration,pulsetime and risetimeto determineif it
shouldbe storedas a boom event. These parametersare selectablevia
the inputkeypadto make the BEAR a very flexibleinstrumentwith which
to capturea wide varietyof impulsiveevents. Alongwith settingthe
boom evaluationcriteria,the keypadallowsinputof date, time,test
number,locationand serialnumberof the unit. This informationis
storedin the same RAM modulesas data every time any parameteris
changed. The operatorcan also selectthree othermodes from this
keypad: calibration,clearmemoryor data save. In the calibration
mode the BEAR simplydisplaysthe root-mean-squarelevelof two seconds
of the inputsignalto the microphonefor checkingagainsta standard
124 dB soundpressurelevel,piston-phonecalibrator. No dataare saved
to the RAM modulesin this mode. The clearmemorymode asks the
operatorto inputa specialcode and,when entered,simplyerasesthe RAM
modulesand runsthe BEAR unit throughthe internalself-testroutines
that verifyall the hardwarecomponentsare workingproperly. The third
mode allowsthe operatorto collectone secondof datawith no screening.
This allowsthe operatorto collectand store backgroundnoiseor the
calibrator_ignalor anythingthat is desired. The BEAR has a frequency
responseof 0.5 Hz to 2,500 Hz for reproducinga sonic boom timehistory
adequatefor environmentalimpactanalysis. The maximumoverpressure
the BEAR is designedfor is 155.3dB (24.4poundsper squarefoot or
I170 pascal)with an BO dB useabledynamicrange. The RAM moduleson a
singleunit have512K bytes of memoryallowingthe BEAR to storeover
100 "normal"sonicbooms. The BEAR is designedto operatewith a
PCB-Piezoresistivemicrophonethat is totallysealedand extremely
rugged.This microphoneis mountedinvertedover an 18" diametersteel
plate in a vibrationisolationmount. A 4" diameterfoamwindscreen
insidea IB" diameterinvertedcone coversthe microphoneand provides
wind noisereductionand rain protection.This makes the BEAR able to
operatein all kindsof environmentalextremes.
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Once the sonicboom data are collected,the RAM modulesare
transferredto the DRU for downloadingthe data. The Z-IO0 initiates
its communicationsprogram(COMM)to acceptthisdata fromthe DRU.
These dataare storedas two large raw data files (ABEARDAT.-B-&
BBEARDAT.-B-)insidethe Z-IO0. This file containsthe BEAR setup
parameters,buom data, captureddata and parameterchangesall separated
by a seriesof three "barkercodes"(hexidecimalvaluesof 90 EB). The
Z-1OO'sprocessprogramthen reads thisfile and breaksit up into
individualfileson each event that containthe data, plus all the BEAR
parametersetsat the time that datawere taken. Each file is given a

. specificfile name correspondingto the date, timeand locationof its
occurrenceaccordingto the followingscheme.(i.e.PSSHHmmI.MDD,where
P indicatesa processedevent,SS = site number,HHmm = local time in
hoursand minutes,I = incrementer(A..Z)to differentiatebetween
eventsthatoccurredin the sameminuteat the same location,MDD =
month and day). For this test the serialnumberof each BEAR was input
as the sitenumbersinceall were locatedat the same location. These
filesare storedon a floppydisk in a binaryformatand can be
graphicallydisplayedon the Z-IO0 by invokingthe VIEWcommand.

Each BEAR systemwas carefullycalibratedir the Laboratoryto
balanceeachmicrophoneto the BEAR A to D circuitryand adjustedto a
precisionvoltagesourceto verifythe absolutelevelsrecorded. In
addition,each BEAR was checkedwith a 124 dB 250 Hz piston-phone
calibratorbeforeand aftereach aircraftflight. This calibration
signalwas saved by each BEAR to forma permanentrecordof the
stabilityof each system. This procedureis used to verifyan end to
end acousticcalibrationtraceableto the NationalBureauof Standards.

The BEA_ systemsare explainedin greaterdetail"ina companionA@bMRL
report."
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Figure 1. Boom Event Analyzer Recorder (BEAR)

4

1989013073-012



Figure 2. BEAR Field/Lab Setup

1989013073-013



NASAAnalogSonic BoomMeasurementSystem

The NASA analogsonicboom measurementsystemhas been used in
previousaircraft,Apollo,Skylab,and spaceshuttlesonicboom measurement
programsand consistsof pressuretransducer,Dynagage(oscillator-detector
circuit),instrumentationamplifier,FM magnetictape recorder,and
satellitetime code receiver. The pressuretransduceris a commercially
availablecondensermicrophoneconsideredto have a flat frequency
responsefor the lowerfrequenciesrequiredfor sonicboom measurement.
The microphoneused for sonicboom measurementsand in conjunctionwith
the model DG-605Dynagagesystemhas a high frequencyresponseessentially
flatto lOK Hz, with the low end frequencyresponseaveragingapproximately
-5 dB at .01Hz. Basically,the microphonehas a smallcapillaryhole
throughthe housingwhich allowssome air flow so thatthe static
pressurewithinthe capsulealwaysequalsthe ambientatmospheric
pressure. Thus, the acousticloadingis the sameon both sidesof the
diaphrameven at frequencieswell below 20 Hz. This techniquewill
allowadequateprovisionsfor systembalancingand tuningin additionto
copingwith variousrangesof temperatureand atmosphericpressure
changesthat couldoccur duringdiversifiedfieldmeasurementoperations.

The Dynagageconsistsof a radio frequencyoscillatorcoupledto a
diodedetectorcircuitwherebysmallchangesin capacityof the pressure
transducerwill producerelativelylargechangesin the diode detector.
The outputof the detectoris thereforeproportionalto the pressure
appliedto the transducerdiaphram. The Dynagageoutputis fed intoan
instrumentationamplifierwhich providesa gain of 0 to 60 dB in steps
of 2 dB with a flat frequencyresponseof D.C. to 20 KHz.

The measurementsystemused frequencymodulatedmagnetictape recorders
operatingat 30 ips in the intermediatebandwith a frequencyresponse
of D.C. to 20 KHz. Electricalpowerwas furnishedby portablegasoline
generators. This instrumentationwas mountedin a coveredtruck lO00ft
from the 4 x 4 ft groundboard•

All microphoneswere coveredwith wind screensconsistingof three
layersof cheeseclothto minimizeeffectsof surfacewinds on the
microphonereadingsand also to provideshade from the sun and protection
fromblowingsandparticles.The outputof the microphoneswere routed
throughthe instrumentationamplifiersthusallowingfor the settingof
a rangeof overpressurelevels(a precautionnecessaryto allow _or
errorsin the predictivemethodor anomalousoverpressurescausedby
unusualatmosphericor focusingconditions).Twelvechannelsof over-
pressuredata were recordedalongwith time code signal,and voice
annotation.All systemswere "warmed up" for 2 hoursprior to each
test. All tape recorderdata channelswere calibratedusing a precision
voltagesourceto verifycenterfrequencystability,all microphones
were calibratedat both "pre"and "post"flightconditionsusing a fixed
frequencysoundpressurelevel calibratorto verifyan end-to-end
acousticcalibrationTraceableto the NationalBureauof Standards. A
blockdiagramand photographof a typicaldata acquisitionsystemis
shown in figures3 and 4 respectively.
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'Figure 4. NASA Analog Sonic Boom Measurement System
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ComparisonTestat EdwardsAir ForceBase

Sonic boommeasurementswere cond:_ctedon 16 - 18 Sep 86 at Edwards
AFB CA under the Alpha SupersonicCorridor. TwelveBEAR unitsand the
NASA analogsystemwith 12 microphoneswere used for this test. The
firstday was used to compareoutputsin the normalNASA microphone
configuration(,lushmounted)to give a comparisonof similarsignature
outputsof both systems.(Figure5) For this testall the BEARs and
four NASAmicrophoneswere mountedin a l foot squarephenolicholder
which was mountedto a 4 x 4 sheetof 3/4 inchplywood.(Figure6) A
holewas dug and the plywoodplacedover the hole allowingall the
microphonesto be be flushmountedwithina one squarefoot area. In
additionto the microphonesto be used for the comparisontest, NASA
microphoneswere placedon a 30 ft mast to collectdata for full field
comparisons.(Figure7) With all the equipmentset up and verifiedthe
F-4 aircraftconductedthe supersonicoverpassesas per Table 1. Each
evening_hesedata were collectedand downloadedto be preparedfor the
next days test.

The secondday was used to check the proposedAAMRL configurationof
an invertedmicrophoneand comparethe resultswith the flush mounted
approach. For this test all the NASA microphonesremainedthe same as
the first day's test. The BEARmicrophoneswere rearrangedas per
Figure8. The BEAR systemsl through3 were left flushmounted. The
AAMRL InvertedMicrophoneMount (Figure9) was used for BEAR systehls8
through13. The angle bracket(Figure10) was used on BEAR systems4
through7 to test the effectof the boom shock wave strikingthe microphone
diaphragmat variousangles.

Figure11 shows this 17 Sep 86 setup. The F-4 and F-111aircraft
flew the supersonicoverpassesas per [able2.

The thirdday was not originallyscheduledfor the comparisontest
but presentedan opportunityto collectseveralF-4 supersonicoverpasses
at a differentlocation. This test demonstratedthe BEAR'sversatility

• and mobility. We were able to set up 5 BEARs at a completelynew
locationwithin 30 minutesof the overflights.All fiveof these BEARs
were set up using the AAMRL InvertedMicrophoneMount. The F-4 aircraft

• flew the supersonicoverpassesas per Table 3.

9
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Figure 6. Microphone Flush Mount Bracket

I!

1989013073-019



N - NASA 140 dB 150 dB

A = AAMRL

, 30 ft

[,
150 dB NZ*B_ i-A/H 140 dB I
160 dB N'_+IO=), .." NIZ 140 dB

140 dBN 5" 150 dB
I_A\ I.A\ / _ / '12A% I _Jt\ _ _-_ %2%3 . n,

.... j L_ve_ I"//'_-1 -.-'-_-fj//-

Microphone Board J
|J I00 ft _l

v q

Figure 7. NASA Analog Tape Recorder Channel Assignment

12

m

1989013073-020



\ /
_ J

f _

II II

. o-l\_ ( _ x)0

® \ /

®

7" "
° I \ _:o _
o I _ I "t.I

U

" [ < I
\ /

Figure 8. Microphone Setup for 17 Sep 86

13

1989013073-021



Windscreen Cloth

Wire Mesh

4" Diameter

Hemisphere
Foam Windscree

To BEAR

Vibration Distance

Isolated Nylon - 2--.
:rophone Holder

/
'£- 3/8" x 18 Diameter

Painted Steel Pla_e

Figure 9. AAMRL Inverted Microphone Mount

14

1989013073-022



Figure 10. Microphone Angle Bracket
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Figure ii. 17 Sep 86 Sonic Boom Test et Edwards AFB
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TABLE I

i6 Sep 86 Boom OverflightDescription

Air Force - NASA BEAR CalibrationTest at EdwardsAFB

ALT BOOM

NASA (AGL) Track Offset Time Time

EVENT# MISSION# A/C Mach Number (feet) (feet) (local)(zulu)

2 19K-2 F-4 1.2 18,900 0 8:16 15:16:38

3 5K-l F-4 1.15 6,000 0 8:20 15:20:08

4 35K-I F-4 1.45 35,000 60600 8:33 15:33:04

5 19K-1 F-4 1.2 20,700 0 16:17 23:17:47

6 5K-2 F-4 1.15 5,500 0 16:22 23:22:22

7 35K-2 F-4 1.45 35,100 60600 16:3l 23:3l:45

8 5K-3 F-4 1.15 5,200 0 16:35 23:35:18

17
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TABLE2

17 Sep 86 BoomOverflight Description

Air Force - NASABEARCalibration Test at EdwardsAFB

ALT BOOM

NASA (AGL) Tr=ckOffset Time Time "

Event# MISSION# A/C Math Number (feet) (feet) (local) (zulu)

1 19K-4 F-4 1.2 19,000 0 14:11 21:11:59

2 35K-3 F-4 1.42 34,900 60600 14:20 21:20:54

3 35K-4 F-4 1.35 35,200 60600 14:26 21:26:16

4 5K-4 F-4 1.13 5,700 0 14:31 21:31:08

1 1K-1 F-111A 1.03 1,200 0 15:02 22:02:33

2 IK-2 F-IlIA 1.04 1,200 0 15:07 22:07:49

18
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TABLE 3

18 Sep 86 Boom OverflightDescription

Air Force- NASA BEAR Calibrationlest at EdwardsAFB

ALT BOOM

NASA (AGL) Track Offset Time Time

EVENT# MISSION A/C Mach Number (feet) (feet) (local) (zulu)

1 35K-5 F-4 1.22 34,200 0 9:09 16:09

2 35K-6 F-4 1.28 32,900 0 9:16 16:16

3 35K-7 F-4 1.14 34,700 0 No Boom

4 35K-8 F-4 1.35 34,100 0 9:32 16:32

19
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RESULTS

SIGNATURECOMPARISONS

The aircraftoverflightswere flown to provideboom overpressuresfrom
lessthan l PSF to over 20 PSF to check the BEAR over the rangeof booms
generatedby typicalAir Forceoperations.When comparingthe NASA signatures
to the AAMRL BEAR signaturesit must be rememberedthere is a differencein
low frequencycut-offbetweenthe two differentmicrophonesystems. The NASA
microphoneshave a low frequencyresponsedown to .Ol Hz. AAMRL designedthe
analogfront end of the BEAR systemsto a .5 Hz requirement.This low
frequencycut-offdifferencewill cause the AAMRL signaturesto vary slightly
from the NASA measurements.An idealizedN-wavewith durationtypicalof
thosecollected(lessthan 200 milliseconds)passedthrougha .5 Hz high pass
filtervs a perfectDC high passfilterwill introducean error of less than
l dB in the peak pressurev41ueand less than .5 dB in the flat weighted
soundexposurelevel (SEL)._ Thiswas an acceptablecompromisefor the BEAR
systc_design.

FlushMount Microphone

Figures12 through15 are the pressure-timehistorycomparisonsof the
._u&MRLBEARs to the NASAboom measurementsystems,bothusing flush mounted
microphones.Each of these plotsrepresentall the data that were recorded
for a particularoverflight. These figuresshow the variabilityof the boom
signaturesas measuredwithinthe l squarefootarea containingall the
microphones.Figure16 showsa similarpressure-timehistorycomparisonbut
with a very pronouncedoscillationin severalof the BEAR systemsignatures.
We believethat this is due to a resonanceof the one squarefoot plateon
which the BEARmicrophoneis mountedbeing forcedby the sonicboom. This
boomoccurredat 8:19 on 16 Sep 86. BEARmicrophones4 & 5 were perpendicular
to the boom (see figure5). Microphone5 was in the centerwhere you would
expectthe most oscillation,and microphone4 was closerto where the holder
was fastenedto the plywood. In the individualsignatures(seeAppendix)we
see that the oscillationstartsat microphone4, buildsto a maximumat
microphone5, with no detectableoscillationon the other BEAR microphohes.
Exceptfor this oscillation,all the other BEAR collectedsignaturesshow
great agreementwith the signaturescollectedby the NASAsystems.

Invertedto FlushMount Comparisons

Figures17, 18 and 19 are comparisonsof threeBEAR-collectedpressure-
time historiesusingthe flush mountedBEARmicrophonesand the AAMRL inverted
microphonemount (seeFigure9). These signaturesand the followingcomparisons
are representativeof the BEAR outputswith each comparisonshowingall the
data thatwere collectedon each boom (severalBEAR signatureswere lostdue
to voltagedrift of the microphonecausedby thermaloverloadthat was not
accountedfor). NOTE: This problemwas correctedin the BEARs after completion
of thistest. Exceptfor the nob_aldifferencesbetweeneach microphone,
these data show greatagreementbetweenthese two mount configurationsover
the completeBEAR pressurerange.

20
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Figure 12. 1 PSF Boom Signature Comparlso.
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Figure 13. 4 PS_ Boom Signature Comparison
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AngleMountComparisons

Figures20, 21 and 22 are comparisonsof threeBEAR collectedpressure-
timehistoriesusing the flushmountedmicrophoneand the anglemounted
microphopes(see Figure10). Again,we see great agreementbetweenthese
mount configurations.Since the angledmicrophoneswere mountedon an angled
wire mount,they were also very susceptibleto boom inducedoscillation.This
can alsobe seenon severalof theseboom conlparisonsand is not indicative
of the BEARperformance.

Figures23, 24 and 25 are comparisonsof threeBEAR collectedpressure-
timehistoriesusingthe AAMRL invertedmicrophonemount and the angle
mountedmicrophones.Again,we see greatagreementbetweenthese mount
configurations.

Table4 summarizesthese differencesfor the threemount configurations
acrossthesethreeevents. The positivepeakpressurevalues(in dB and
PSF),as well as the time integratedvaluesof non-weightedsound exposure
level(FSEL),C-weightedsoundexposurelevel (CSEL)and A-weightedsound
exposurelevel (ASEL)are shownfor all theseevents. Table4 shows the FSEL
and CSELall agreewithinabout .5 dB whereasthe ASEL has variationsof up
to 3 dB for the same event.

The ASEL metric itselfas appliedto sonic boomscauseslarge variations
in the ASEL values. The major part of the energyof a sonicboom is at its
fundamentalfrequencyusuallybelow lO Hz. The A-weightinggreatlyreduces
the contributionof the low frequenciesmakingthe higherfrequencies
dominatethe ASEL Metric. These higherfrequenciesare more susceptibleto
localconditionsfrommicrophoneto microphonecontributingto the variation
in the ASEL metric. Note that thesevariationsin the ASEL are not due to
mountconfigurationbecausesome of the largestvariationsare betweenthe
samemount configuration.
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Figure 17. 2.5 PSF Inverted vs Flush Mount Comparison
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Figure 20. 2.5 PSF Angle vs Flush Mount Comparison
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Figure 21. I0 PSF Angle vs Flush Mount Comparison
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TABLE4

Microphone Mount Comparisons

DATE BEAR SN CONFIGURATION PK (dB) PK (PSF) ASEL CSEL FSEL

17 SEP 86 I FLUSHMOUNT 135.0 2.3 89.4 109.0 122.0
14:llpm 3 FLUSHMOUNT 135.6 2.5 91.1 109.4 122.2

4 45 DEG ANGLE 135.4 2.5 92.4 109.5 122.2
5 45 DEGANGLE 135.3 2.4 92.5 109.0 122.3 .
6 45 DEG ANGLE 135.4 2.5 91.8 109.3 122.0
7 45 DEG ANGLE 135.3 2.4 92.2 108.4 121.7
8 BBE MOUNT 134.7 2.3 89.8 108.5 121.3 ,
9 BBE MOUNT 135.2 2.4 89.6 109.2 121.9
10 BBE MOUNT 135.0 2.3 90.2 108.8 121.6

DATE BEARSN CONFIGURATION PK (dB) PK (PSF) ASEL CSEL FSEL

17 SEP 86 l FLUSHMOUNT 147.5 9.9 105.9 124.3 131.9
14:30 pm 3 FLUSHMOUNT 148.2 I0.7 108.2 124.6 132.0

4 45 DEG ANGLE 147.2 9.6 109.6 124.2 131.6
5 45 DEG ANGLE 146.8 9.1 108.4 124.5 132.0
6 45 DEGANGLE 146.1 8.4 108.7 124o3 131.9
7 45 DEGANGLE 146.3 8.6 108o5 124.1 131.9
8 BBEMOUNT 146,1 8.4 107.5 123,9 131,3
9 BBEMOUNT 146.7 9.0 107.4 124.3 131.8

10 BBEMOUNT 146.4 8.7 107.2 124.1 131.5
11 BBEMOUNT 146.6 8.9 107.0 123.9 131.4
12 BBEMOUNT 146,9 9.2 107.3 124.3 131.8

DATE BEAR SN CONFIGURATION PK (dB) PK (PSF) ASEL CSEL FSEL

17 SEP 86 2 FLUSHMOUNT 154.1 21.1 110.3 128.0 141.5
15:01 pm 3 FLUSHMOUNT 153.9 20.7 108.7 127.9 141.5 ,

4 45 DEG ANGLE 153.5 19.7 109.8 127.7 141.4
5 45 DEG ANGLE 153.8 20.4 108.8 128.0 141.8
6 45 DEG ANGLE 153.6 20.0 110.5 127.9 141.6
7 45 DEG ANGLE 153.3 19.3 110.1 127.6 141.4
8 BBE MOUNT 152.7 18.0 107.5 127.1 140.9
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FREQUENCYANALYSISCOMPARISON

Both the AAMRL BEAR and the NASA analogsystemcollecteddata were
processedto obtainthe one hertz bandwidth soundexposurespectrumlevel
plots, FlatWeightedSound ExposureLevels (FSEL),A-weightedSound Exposure
Levels(ASEL)and the C-weightedSound ExposureLevels(CSEL). The BEAR
data were transferredto the AAMRL mainframecomputerand processedthrough
the AAMRL BOOMBEARProgram. The BOOMBEARProgramtakes the BEAR pressure-time
digitizedwaveformand transformsit into a pressure-frequencyplot using
the Fast FourierTransform,(FFT).Since the BEAR capturesjust the boom

. signature,typicallyaround200 milliseconds,the eventwas zero filledout
to one secondbeforeinputtingto the BOOMBEARprogram. This zero filling
techniqueadds a soundpressurevalue of zero to the event effectively
addingno energybut allowsdirectcomparisonto the NASA data thatalways
used one secondof the analogrecordingthatcontainedthe sonicboom. The
NASA datawere firstdigitizedat 8000 pointsper secondand then run
throughthe NASA SBFFT program;the NASA SBFFT Programalso convertsfrom
the pressure-timeplots to the pressure-frequencyplots via the FFT algorithm.
Since thisone secondcontainedbackgroundand electronicnoisefloor data
of the NASA recordingsystem,someof the NASA eventsshow higherlevelsat
the higherfrequenciesthatare not dominatedby the boom event.

Figures26 through30 are the frequencycomparisonsfor severalbooms
rangingfrommore than 20 PSF to lessthan l PSF. Figures27 and 28 show
the resultsof two similarruns (F-4at 5000 ft altitudeAGL) duringmorning
and afternoonruns. Figure27 from the morningrun, had a fairlyclean
distinctiveF-4 N-wave. Figure28 from the afternoonrun, had a slightly
distorted(fromthe atmosphericdisturbance)N-wavethat showsup in the
slightlydistortedfrequencyplots.

Table 5 presentsthe singlemetriccomparisonsbetweenthe two systems.
The comparisonsare madewith representativesignaturesfrom the BEAR and
NASA systems. There is good agreementbetweenthesevaluesfor the two
systemsexceptfor the A-weightedSEL's. (SeeTable 6) This is due to the
high frequencycomponentsthatare in the NASA data discussedabove. This
is not partof the sonicboom but is due to the limiteddynamicrangeof the
instrumentationthatwas used by NASA. The low frequencyenergy is heavily
weightedand virtuallyignoredwith the A-_eighting.Therefore,the low-level

. higher-frequencydata, includingthe electronicnoisefloor of the recording
system,becomeimportantto the A-weightedmetricbut are not representative
of the majorenergyof a typicalsonicboom.
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Figure 26. 20 PSF Boon Spectrum Comparison
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Figure 28. 8 PSF Distorted Boom Spectrum Comparison
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OTHER FACTORS

ClippedSignal

The last run of the F-111 aircrafton 17 Sep 86 cre_teda boomof
approximately36 PSF overpressure.Since the BEAR'srangewas designedfor
23.4 PSF maximum,this run demonstratedthe operationof the BEAR in an
overloadcondition. Since the BEAR is a digitalsystem , when it is over-
loadedthe signalis just clippedbut not distortedunlessthe capacityof
the microphoneis exceeded(at 185 dB). The BEAR softwarestillevaluates
this eventas a boom and capturesit. Figure31 showsthis 36 PSF boom
capturedby the BEAR systemand a NASA system. As carlbe seen, this clipped
boom couldbe estimatedf_irlyeasilyby extendingtr_emajor slope of the
N-wave. Thiswould allow a personto recreate,with a reduceddegree
accuracy,a boom thatwas beyondthe rangeof the BEAR'sdesign.

Echosand SecondaryBooms

Quite frequentlywhen sonicbooms occur,secondarybooms occur from the
same flight. These can be causedby the boom echoingoff a nearbysurface
or the boom arrivingfrom a slightlydifferentray path. If the separation
of these booms is less thanthe event separationtimer (timer2) set value,
the BEARwill simplycaptureboth of these eventson a singlefile. Figure
32 shows an exampleof how the BEAR capturedthis kindof secondary_oom
event. If the secondaryboomwere to occur laterthanwhat is set by timer2,
the BEARwould evaluateit as a separateboom event and store it in its own
file. This allowsthe BEAR to captureany combinationof booms occurring
withinthe same time frame.
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Figure 31. 36 PS_ Clipped BEAR Sisnature
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SUMMARY

This testdemonstratedthat the AAMRL BEAR systemsare functionally
equivalentto the NASA analogsystemsfor capturingsonicboom waveforms.
Typicallythe durationof sonicbooms from supersonicmilitaryaircraftis
around200 milliseconds.The BEAR low-frequencycutoffof .5 Hz will
introducelessthan .5 dB error in the FSELvalue at thesedurations. If
the BEAR systemswere to be used to collectboomwaveformsgreaterthan500
milliseconds,the microphoneand the interfaceamplifiersto the BEAR'sA/D
convertershouldbe changedto a lower low-frequencycutoffspecification.
This is fairlyeasy to do given the modulardesignof the BEAR system. This
test also demonstratedthatthe proposedAAMRL invertedmicrophonemount is
functionallyequivalentto a flush mountedmicrophonefor captureof sonic
boomsand can be u_ed for futureboom studies.

Severalfindingsfrom thesetests led to improvementsin the BEAR's
operation. Since the PCB microphonesusedwith the BEAR can handleup to
185 dB and we don't need ]evelsdown to 65 dB, the BEAR operatingrangewas
shiftedupwardsby I0 dB. The BEARs now cover the rangefrom 75 dB to 165
dB allowingcaptureof a boomup to 76.4 PSF withoutclipping. The non-boom
rejectionroutineswere improvedto bettercompensatefor the wind and
thermaldrift problems. Functionallythe improvementsdo not affectthe way
the BEAR handlesthe incomingsignalbut only how it is interpretedonce it
comesthroughthe A to D converter. Therefore,thesechangeswill not
affectthese comparisonresults.

These BEARSwere used in August 1987to collectover 500 signatures
fromUSAF and USN supersonicaircraftwith greaterthana 99% successrate
in capturingthe boom signatures. Thesedata are presentedin a companion
report."
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APPENDIXA

BOOMSIGNATURES
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BOOM SIGNATURESfrom F-4 flyingat 1.2 MACH, 18,gO0ft AGL,

and 0 ft. trackoffsetoccuringat 15:16:38GMT, 16 Sep 86.
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BOOM SIGNATURESfrom F-4 flyingat 1.15MACH, 6,000 ft AGL,

and 0 ft. trackoffsetoccuringat 15:20:08GMT, 16 Sep 86.
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BOOMSIGNATURESfrom F-4 flying at 1.45 HACH,35,000 ft AGL,

and 60600 ft. track offset occuring at 15:33:04 C_4T,16 Sep 86.
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BOOMSIGNATURESfrom F-4 flyingat 1.2 MACH, 20,700ft AGL,

and 0 ft. trackoffsetoccuringat 23:17:47GMT, 16 Sep 86.
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BOOM SIGNATURESfrom F-4 flyingat 1.15MACH, 5,500 ft AGL,

and 0 ft. track offsetoccuringat 23:22:22GMT, 16 Sep 86.
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BOOM SIGNATURESfrom F-4 flyingat 1.45MACH, 35,100ft AGL,

and 60,600ft. trackoffsetoccurin9at 23:31:45GMT, 16 Sep 86.

F4 35K-2
q

SBDAS CH-'I

!.5-

t .0"

0"5 /_

tU
rr 0.0'
(n
&o
Lu
rr
D.

-0.5.

-1.0.

-1.5 " " I ,
o to 0:20 o.3o 0.40 0.50 0.'6o 0.% 0.'80 0.'90 _.oo

A-37

1989013073-094



F4 35K-2
,_OAS CH-_

1.5

1.01

0.5

W
n- 0.0 _'_"
ffl ,
ffl
W
rr

-0.5

-t .0

-i .5 i -. J i , l l ..l I
0.J.0 0.20 0.30 0.a0 0.50 0. B0 C.70 0.80 0.90 "-. 00

SECONDS FROM 269D 23H 3iN 44S BNT

SBDAS CH-7

1.5

0.5

w 0.0 ,er
(n
laJ
rr
(1.

-0.5

-! .0

G.tO 0.20 0..40 0.40 G.50 0.60 0.70 0,80 0.90 t.00

SECPND$ FRON 2690 2314 3'N 449 8NT

A-38

1989013073-095



F4 35K--2
SBDAS CH- l t

1.5-

l.O"

0.5-

rr 0.0
r_

ill
n,"
n

• -0.5,

-i.O,

1tl 5 l l " ' l L "o._o o.'_o '3o " o.'6o o.-7o ,;.8o ,.oo" O. 40 O. 50 0 .'.°,0

SECONDS FRON 26¢.0 23H 3'11,144S 8NT

SBOAS CH-t2
1.5-

1.0

0,5 +

-=,,,+0.0

-0.5.

-° O'

-'..5J,,- ,
O.tO 0.'Z0 0.'30 _'._0 "_. _,_ 0.*60 0.'70 O.*eO ' O.S)O'* t .00

SECONDS FRON IN190 23t'1 3IN 44S _T

A-39

i|

1989013073-096



1989013073-097



illii,.o===_=
L I._.

IlU'_

MICROCOPY RESOtUTION TEST CHART

NMI(!NAL RUPiAU Of _TANDARD'_i96J A

1989013073-098



BOOM SIGNATURES from F-4 flying at 1.15 MACH, 5,200 ft AGL,

ana 0 ft. track offset occuring at 23:35:18 GMT, 16 Sep 86.
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BOOM SIGNATURESfrom F-4 flyingat 1.2 MACH, 19,000ft AGL,

and 0 ft. track offsetcccuringat 21:11:59GMT, 17 Sep 86.
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BOOM SIGNATURESfrom F-4 f_yingat 1.42 MACH, 34,900ft AGL,

and 60,000ft. trackoffsetoccuringat 21:20:54GMT, 17 Sep 86.
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F4 35K-3
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BOOM SIGNATURES from F-4 flying at 1.35 MACH, 35,200 ft AGL,

and 60,000 ft. track offset occuring at 21:26:16 GMT, 17 Sep 86.

1.Sq m m i i m i I m
FILE: B:PO11425A. 917

HAX: .63 PSF
1

HIN: -.38 PSF

,.,oW
E
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1.5 i i ! i i I I I

FILE: B:PO914.25A. 917

HAX: .65 PSF
1

HIN: -.35 PSF
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F4 35K-4
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F4 35K-4
6BDAS CH- 1!
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6ECOND6 FROM 270D 21H 26M t65 EMT

A-59

1989013073-118



BOOM SIGNATURESfromF-4 flyingat I.]3 MACH, 5300 ft AGL,

and 0 ft. track offsetoccuringat 21:31:08GMT, 17 Sep 86.

15 H i i I I l i i e ,

L
FILE: D:PO11&30A. 917

HAX: 9.61 PSF
10

HIN: -6.97 PSF

-S

-tO 7

-15 I I I I I I I I I
0 .02 .O& .0| .OO .1 .1_ .l& .1| .10

TIRE IS=;I
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15 I I I I i I _

FILE: B:PO31430A.917

MAX: 10.41 PSF
10

_IN: -9.04 PSF

5

-5
i

-10

-15 I .... t I I J ! ! !
0 .02 .04 .06 .08 .1 .12 .14 .16 .15

TIME (Soe)

1S /i i i i w w i J i
FILE: 8:PO41430A.917

mAX: 9.16 PSF
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HIN: -8.23 PSF
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15 i1 r r ...... _ ...... T I i / I"

h
FILE: B:PO51&$1A. 917

flAX: 8.71 PSF
10 "1

fl|N: -8.93 PSF t,

I
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-- i
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-10 t
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-15 L I i J j
0 .02 .04. .06 .08 .1 .12 .14. .16 .18
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15 [i i i T T i I I

i FILE: B:POEI¢$OA.917

flAX: 7.78 PSF
10 -

fllN: -8.85 PSF

w 0i -

E _

E
L
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-10 t-15 I ! L ! I, l,, ,1 , !
0 .02 .O& .06 .08 .1 .12 .l& .18 18

TIHE tSeeI
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15 T i t i ; I i t
FILE: D:PO714.30A.917

NAX: 8.270001 PSF
10

MJN: -8.99 PSF

w 0

E
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-15 LI...__ i J I [ i a. I _ I
0 .02 .04. .OO .0| .1 .12 .14. .16 18

TIHE (9o, i

15 i'| I .......... I- ........ T T i i l i

L FILE: 6:P0614.$0A. 917

H/IX: 8.4.2 PSF
10

I HIP4:-6.01 PSF

S

_ 0 .,-_,-_w_ -

-S

-10 -

-lS ,1_...-_ ! _ i I. i A I I !
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IS _ T r-_----1 I T i '-i i |

l FILE: B:POO1&30A.917

MAX: 8.7 PSF
10

S _ elM: -e.es PSF I

w 0E

C

i

-lU i 1-15 i I i i i I i i i
0 .02 .O& .06 .08 .1 .12 .l& .10 .18

TIME ISee)

1S I I I | I s w l
FILE: B:P101&$OA.917

MAX: |.A| PSF
10

HIN: -8.81 PSF

-I0

-15 l I I I | .. A I I b..
0 .02 .O& .OI .0| .1 .12 .l& .?i .1|

TIME (Bee)
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1_i s I f T I w I T
FIL[: B:P111¢.'IOA. 917

flAX: 8.05 PSF
10

flJN: -7.OO PSF

E

1
-10 _-

! 'i
i
!

-IS L J 1 1.... _ , I I A |
0 .02 .Of .0l .48 .1 .l_t .ll .ll .ll

TlflE (See)

15 w I T i [ w i i l

l FILE: O:P1214_0A.I17

flAX: 0.14 PIF
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fllN: -I.0I PIF
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F4 5K-4
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F4 5K-4
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F4 5K-4
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BOOM SIGNATURESfrom F-111AFlyingat 1.03MACH, 1,200ft AGL,

and 0 ft. track offsetoccuringat 22:02:33GMT, 17 Sep 86.

30 w I t a i i i t
FILE: O:P031501A.017

MAX: 20.02 PSF
2O

MlN: -23.& P$F

-30 ! I I i I I
0 .08 .1 .16 .2 .25 .3 .35 .4. .4,IS

TJME (See
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30 _ 1 r T T T ! 7 T

L FILE: 6:PO&1SO1A.917

HAX: 19.08 PSF
20

H]N: -22.7g P$g

lo
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m
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L
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-20 -
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30 ii I i I w _ I u i

I FILE: B:POS1SO2A.917
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H]N: -23.3 P$F

-$0 I I I I I I I I
0 .06 .I .16 .2 ._r_ .3 .36 .& 4.6
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30 Ii i , i , , i , ,

i FILE: B:P061501A.917

HAX: 18.4 PSF
2O

H]N: -22.5& PSF

-30 i i
0 .05 .1 15 .2 .25 .3 .35 .& .&5

TIHE IS.el

30 i i i w I i i i

FILE: B:PO71501A.917

HAX: 16.¢5 PSF
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HlN: -22.21 PSF
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30 I I t , i i I I
FILE: B:PO81501A.917

HAX: 17.37 PSF
20

H]N: -21.33 PSF
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TIHE ISoe)
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BOOM SIGNATURESfrom F-I11AFlyingat 1.04MACH, 1,200ft AGL,

and 0 ft. track offsetoccuringat 22:07:49GMT, 17 Sep 86.

80 i 1 i | i i I i

F]LE: B:PO21S¢=A.917

HAX: 23.4.11 PSF
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N]N: -25.&9 PSF
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60 i i I I i I i I
FILE: B:PO31506A.917

HAX: 23.4.8 PSF
&O

H]N: -23.49 PSF

-4,0

-80 I ! I. I I I I ,, I
0 .OS .1 .16 .2 .25 .3 .35 .4. 4.5
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O0 T T I 1 T _ T
FILE: O:PO&ISOOA.917
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60 T ! _ T T I T T
FILE: B:PO51507A.917

HAX: 23.&8 P$F
&O

H]N: -23.49 PSF
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-80 J----------J _ 1 L J
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60 T l | T T _ T
FILE: B:PO71SO6A,917

HAX: 23.4.11 PSF
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2O

w

OC

If)
Ira)
IlJ
,m..
0..

-20 -

-&O -

-60 [ 1 £ L L--* 1 1
0 .05 .1 .15 .2 .25 .$ .$5 ot .4.5

TINE (See)
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80 _ T 1 I T T T I
FILE: B:P101SOOA.|17
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HIN: -23.&| PSF
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O0 I T ! ; t f T T

FILE: B:P121506A. O!7
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FItl 1K-2
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BOOM SIGNATURESfrom F-4 Flyingat 1.22MACH, 34,200ft AGL,

and 0 ft. trackoffsetoccuringat 16:09GMT, 18 Sep 86.

1.5 I i i i I i I I
FILE: B:PO10909A.918

MAX: 1.38 PSF
1

HIN: -1.33 PBF

.5

E
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,,,/
-1.6 I i I I I I I I.

0 .02 ,04. .OO .OO .1 .12 .14. .10 .10
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I._ I I I I I I i I

FILE: O:PO30909A.918

HAX: 1.34 PSF
1

HJN: -1.32 PSF

-I

-1.5 I I I I ! I I I
0 .02 .04 .06 .00 .I .12 .14. .16 18

TIHE tSo.)

1.5 I I i ' i , I |
FILE: B:PogogogA. 918

HAX: 1.4.2 PSF
1

H]N: -1.29 PSF

-1

-1.5 I I I I l I
.02 .O& .05 .05 .1 .12 .14. .18 .10

TIHE tBoe)
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1.! / i " I I i i i i I

F ]l.E: 6:P100909A. 918

MAX: 1.36 PSF
1 - _

HIM: -1.28 PSI=

.S

"_ 0

M

C
O.

-I

-1.5 | I I I I l I ! ..-
• 02 ,04, .06 .08 .1 .12 ,14, .16 .10

TIHE tSoe)

1.5ii "r , w i I i J t
i FILE: D:P110909A.918

HAX: 1.29 PSF
1

M]N: -1.25 P$_

i

w O--

E
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-1.6 i i J, . ._ I I I I I
0 .02 .O& .06 .OO .1 .12 .I_ .16 .18

TIME (See)
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BOOM SIGNATURESfrom F-4 Flyingat 1.28MACH,32,900ft AGL,

and 0 ft. trackoffsetoccuringat 16:16GMT, 18 Sep 86.

1.5 , I i , I w I w
FILE: B:POlO915A. 918

HAX: 1.02 PSF
1

HIH: -.96 PSF

-I

-1.5 a I ! I '
0 .04. .05 .12 .15 .2 .2& .28 .$2 .$6

TIME ¢$,e)
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1.5 I I I I i , ; i
FILE: B:PO30916A. 918

MAX: 1.04. PSF
1

H]N: -.97 PSF

1-1.5 I I I
0 .04. .OO .12 .16 .2 .24. .26 .32 .36

TIME (See).

1.5 i i i i l f s I
FILE: B:POgO916A. 910

HAX: 1.06 PTF
1

H|N: -.9& PSF

.S

• ios

-' J-I.7 l I ! l L ! t t .....
.O& .OO .12 .lll .2 .2& .20 .32 .36

TIME [See)
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1.5 I I I I i I I T
FILE: B:PlOO91£A. 918

MAX: 1.04. PSF

1 pV_. HIM: -.92 PSF

.S
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E
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1.5 I I r i i i J i
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K
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"1.5 I I I I I I I ,
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A-88

1989013073-147



BOOM SIGNATURES from F-4 Flying at 1.35 MACH, 34,100 ft AGL,

and 0 ft. track offset occuring at 16:32 GMT, 18 Sep 86.

$ i i I I i w I i i
• FILE: B:POIOg$2A. 918I

i

J HAX: 1.92 PSF

, f--1

-$ I I I I I l . I I
0 .02 .O& .06 .Oil .1 .12 .l& .16

TIME (:See)
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$ I| i i i ! i | FILE: 6: i i
PO$OO$2A.915

I

MAX: 1.95 PSF2

•

-2 I -_3 I I I I I I I I
0 .02 .O& .06 .00 .1 .12 .l& .16 .18

TIME (See)

3 ii _ u I I , , u I n
I FILE: 6:P090932i. 918 I

MAX: 1.,0 PSF _12

o

-I

-2

"$ 0 .02 .0¢ .0| .0| .I .13 .I¢ .1| .I|
TIM lb. I
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$ I i i w t I | I
FILE: B:PIOO9$2A, 910

MAX: 1.91 PSF
2

1 _14__,_ : _ .
t4l..
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-3 I J L J L I I I
0 .02 .04 .06 .08 . I .12 . l& .16 10

TIME (See)

$ i I i i I w I i i

i FILE: 6:P110932A. 910
MAX: 1.86 PSF
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1 _ _ M|N: -1.50 PSF .

_ 0

-1

.3 _ I L I I I I I !
0 .02 ,O& .08 .0| .1 .12 .1_ .10 .1|

TIME 18o,1
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BOOM SIGNATURESfrom UnidentifiedAircraft

Occuringat 20:29 GMT, 17 Sep 86.
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APPENDIXB

BOOM SPECTRUMLEVELS
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Sound ExposureSpectrumLevel vs FrequencyPlotsof Sonic

Boom from F-4 flyingat 1.15MACH, 6,000 ft. AGL, and

0 ft. trackoffsetoccuringat 15:20:08GMT, 16 Sep 86.
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SoundExposureSpectrumLevelvs FrequencyPlotsof Sonic

Boom from F-4 flyingat 1.45MACH, 35,000ft. AGL, and

60,600ft. track offsetoccuringat 15:33:04GMT, 16 Sep 86.
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Sound ExposureSpectrumLevel vs FrequencyPlotsof Sonic

Boomfrom F-4 flyingat 1.2 MACH, 25,700ft. AGL, and

0 ft. track offsetoccuringat 23:17:47GMT, 16 Sep 86.

F4 19K-3
SBDAS CH-9

li5 .... i ..... _ ....

liO

105

J 100

' _ 95

90

B5

80 --

m 75

70
2 5 I0 20 50 100 200 500 I000

FREQUENCY (HZ)

B-II

1989013073-164



[O NO; DR O00 2 2 Iq DATE: 86 9 ]6 16 ]"7 O0
LP

m_ -- , ' w','l'l'l','l" I I I ',','1"_','1'1 I I ",'J'l','f'l' I
N 0
"r" _-

rn _

W

__.1 kO_

n_

L3
W

U? t/?. "
W IIl

O
n

W 1.13_
D _
Z

O O

1 2 S ]000
FREQUENCY (HZ}

IO NO_ OR 000 3 :9 A DATE: 86 9 16 16 1"7 O0
U'l

::z _- I , ' _'1'1'1"_'1'I , , • _'r'l','_'l" 1 , _ • r.,.im-r 103

O _

-J __IM

W

._A I_.

{12

_- wo.LJ
L_

W m
n_

o g-
n
X

uJ If).

O O,
l

l 0 20 SO O0 2
FREQUENCY (HZ)

B-12

1989013073-165



[O NO: DR 000 4 4 A OlqlE_ 86 9 ]6 16 '.7 O0Lf')

-_ - , "_ ','_'l','I'1'1 I "r 'a','l' '"1'1 , r "_'r'l'l',' I

N O

E _- -

w

_1 u'?_

• t_ tD_
u.l GO

Co __0
n
X

Z
D
0 0
tp r- _

2 S 10 7_0 ,50 ! O0 200 SO0 l OOO
FREQUENCY (HZI

TO NO: .JR 000 S S A DATE; 86 9 ]6 ]6 ]'7 OOt.f3

- I • I '_'r'l','f'l' I ' I w "1"I'1",','1" 1 , , .r'.,.i.f.v F

N 0

E _- __

_o l 0 "_1
FREQUENCY IHZ'

B-L3

1989013073-166



!O NO: OR OOn 6 6 A DATE: BG 9 JG ]G ]? O0
LD

@
0

_.1

W
_J

_- 03

F-
U
W
n ,

W CO
r_

b9
0 CO
Q- I
X
W t/?_

Z

0 0-

! 2 l O 20 SO l OO 200 SOO l OOO
FREQUENCY[HZ)

lO NO: OR 000 "7 '7 R DATE: 86 9 J,6 ]6 ]6 OO

-_ _ ' ' ' '''"I'";'I'I ' ' '''"I'""I'I ' ' '''"l'""i'lrn

W "

W

d U)_

n"

,.3
W
I1_

t/? If)_
W m

t,O O_ _

rl
X

W U)_
0 t'-
Z

0 O_

)0
FREQUENCY(HZ)

B-],4

1989013073-167



]0 N0; OF{000 8 8 A DATE: 86 9 ]6 ]6 16 00
If)

- I I ' I'l'l'l'l'J' I I I • I'l'I'l','i' I I • I ' I'l'l'l'l' I'n'_

-oo_bJ

ILl

_1 LO_
>- 03

0_

LI -
Ixl

• 13._

_ tO_
b.l GO
m
D
U? (23_

a_
X

W U')_
r'l t"-
Z
D

_° _-t---_
1 2 0 SO0 l OOO

FREQUENCY[HZ}

IO NO: OR OOO 9 9 A DATE: 86 9 16 ]6 ]6 O0LDI-.m

-_ - , ' I 'J'_'l','j'l'l , , ',','1'1'1'1'1 I , '_','1'_'1'I*rn

N O /
"1- _-

& N-

I,I

-J U)_t

D

t..)
i,i
m

U? t.__
bJ 00
r_

°_- __ _o

[1_
N

L_ U?_

Z

O O

o

B-t5

I

1989013073-168



TO NO; OR 000 ]] ]] A DATE; B6 9 ]G ]6 ]G O0

_ --'I I I ' I'l'l'['l'l' I I _ ' I'l'l'j','l" I I I ' ''''f"'J'l'i
O

!

0

W

w

u
w

W m

m
x
W

0 _
Z

0

! 2 5 lO 20 SO l IO 500 l
FREQUENCY(HZ)

!0 NO; OR 000 ]2 ]2 R DATE; 86 9 ]6 ]6 ]6 O0
U_

-' I ' , ' I'l'l','l'l'l , I ' ,'J'l',','l'l , ' u ' ,', I '"'1'

N O

LJ

AM -

bJ

d t.__

()Z

L3
b.I
rl "

t/? If)_
UJ O3
n_

_ O_

m
x

w I.D_
[3 t--
z

o o_

u_ r- r 10 20 50 '1 O0
FREQUENCY(HZ)

]}-16

1989013073-169



B-17

1989013073-170



Sound Exposure Spectrum Level vs Frequency Plots of Sonic

Boom from F-4 flyingat 1.15MACH, 5,200ft. AGL, and

0 ft. trackoffsetoccuringat 23:35:18GMT, 16 Sep 86.
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SoundExposure SpectrumLevel vs Frequency Plots of Sonic

Boomfrom F-111A flying at 1.03 MACH,1,200 ft. AGL, and

0 ft. track offset occurtng at 22:02:33 GNT, 17 Sep 86.
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APPENDIXC
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SINGLEMETRICTABLE
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I. 16 SEPT 86 8:12 am

SN DISCRIPTION PEAK DURATION ASEL CSEL FSEL

1 FLUSH MOUNT 137.6 1.233 96.7 112.4 124.3

2 FLUSH MOUNT

3 FLUSH MOUNT 138.H 1.342 96.2 113.0 124.4

4 _-_JJSHMOUNT

5 FLUSH MO(/NT 139.3 1.4HH 96.8 113.9 124.8

6 FLUSH MOUNT

7 FLUSH MOUNT 138.6 H.138 97.7 113.5 124.3

8 FLUSH MOUNT 137.3 H.127 97.4 113.2 124.3

9 FLUSH MOUNT 137.7 H.138 98.H 113.3 124.4

IHFLUSHMOfJNT 137.5 H.llg 96.2 113.1 124.4

II FLUSH MOUNT

12 FLUSH MOUNT

13 FLUSH MOUNT ].38.5 H.22H 96.2 113.4 124.3

2. 16 SEPT 86 8:19 am

SN DISCRIPTION PEAK DURATION ASEL CSEL FSEL

1 FLUSH ,MOUNT

2 FLUSH MOUNT

3 FLUSH MOUNT 146.8 H.857 IH6.4 122.5 131.5

4 FLUSH MOUNT 148.H H.19H IH5.6 123.4 131.5

5 FLUSH MOUNT 147.8 H.174 IH7._ 123.3 131.8

6 FLUSH MOUNT

7 FLUSH MOUNT

8 FLUSH MOUNT 146.9 g.91H 107.6 122.6 !31.3

9 FLUSH MOUNT

IH FLUSH MOteT 146.5 8.849 Ig6.1 122.6 131.4

Ii FIJJSH MOIJNT 146.5 0.849 IH6.3 122.4 131.3

12 FLUSH ,MOUNT 146.5 *

13 FLUSH MOO%_ 147.5 H.846 IH6.5 123.H 131.6 •

C-2
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********************* _************************************

3. 16 SEPT 86 8:32 am

SN DISCRIPTjON PEAK DURATION ASEL CSEL FSEL

1 FLUSH MOteT 126.7 0.189 83.7 igg.9 114.0

2 FLUSH MOUNT 126.9 0.188 84.3 101.0 114.0

3 FLUSH MOUNT 126.3 0.604 83.2 100.9 I14._
4 FLUSH MOUNT

5 FLUSH MOUNT

6 FLUSH MCUNT

7 FLUSH MOUNT

8 FLUSH MOUNT

9 FLUSH MOUNT

10 FLUSH MOUNT 126.8 0.218 84.0 101.0 113.8

Ii FLUSH MOUNT 127.2 0.162 83.8 ]_a.9 113.8
12 FLUSH MOUNT 126.8 *
13 FLUSH MOUNT

**********************************************************

4. 16 SEPT 86 16:17 pr,1

SN DISCRIPTION PEAK DURATION ASEL CS_ FSEL

1 FLUSH MOUNT DATA LOST DURING TRANSFER

2 FLUSH MOUNT 139.1 0.245 98.6 114.0 121.7

3 FLUSH MOUNT 139.3 0.245 97.5 114.0 121.8

4 FLUSH MOUNT 139.4 0.252 96.6 114.7 121.9

5 FLUSH _ 138.9 1.504 96.9 113.8 121.9

6 FLUSH MOUNT 139.0 0.249 96.6 113.7 121.5

7 Fi_SH MOUNT 140.3 0.399 100.3 114.3 122.1

8 FLUSH M00_4T 138.7 1.514 97.0 113.8 121.5

9 FLUSH MOUNT 138.6 0.432 97.6 114.8 122.0

10 FLUSH M(X/NT 138.9 1.504 98.8 114.0 121.7
ii FLUSH MOUNT 138.2 0.485 100.6 113.9 121.1

12 FLUSH MOUNT 138.7 0.483 97.9 114.0 121.5

13 FLUSH MOUNT 137.7 0.177 100.2 114.3 121.7
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5. 16 SEPT 86 16:22 pm

SN /ISCRIPTION PEAK DURATION ASEL CSEL FSEL

1 FLUSH MOUNT DAT_ LOST DURING TRANSFER

2 FLUSH MOUNT CAPTURF_ WIND NOISE AS EVENT

3 FLUSH MOUNT 142.7 1.614 96.0 116.6 128.5

4 FLUSH MOUNT 143.2 1.651 97.6 117.3 128.2

5 FLUSH MO_%IT

6 FLUSH MOUNT 142.4 i.615 95.4 117.0 128.5

7 FLUSH MOUNT
8 FLUSH MOUNT

9 FLUSH MOUNT

10 FLUSH MOUNT

ii FLUSH MOUNT

12 FLUSH MOUNT 141.9 1.256 97.1 116.8 128.4

13 FLUSH MOUNT CAPTURED WIND NOISE AS EVENT

**********************************************************

6. 16 SEPT 86 16:35 pm

SN DISCRIFrION PFAK DURATION ASEL CSEL FSEL

1 FLUSH MOUNT DATA LOST DURING TRANSFER

2 FLUSH MOUNT

3 FLUSH MOUNT

4 FLUSH MOt%IT 146.5 0.993 101.6 121.2 131.2

5 FLUSH MOUNT

6 FLUSH MOUNT 145.5 0.993 107.4 120.8 131.1

7 FLUSH MOUNT

8 FLUSH FK)UNT

9 FLUSH MOUNT CAPTURED WINTJ NOISE AS EVENT

10 FLUSH MOUNT

ii FLUSH MO{R4T
12 FLUSH MOUNT

13 FLUSH MOUNT
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********************* :************************************

7. ].7SEPT 86 13:29 pm

SN DISCRIPTION PEAK DURATION ASEL CSEL FSEL

1 FLUSH MOUNT 135.5 0.127 88.7 108.7 117.4
2 FLUSH MOUNT

3 FLUSH MOUNT 135.6 0.127 88.5 108.6 117.6
4 45 T FLTTRK

5 45 F FLTTRK 135.5 0.120 91.2 108o2 117.1
6 45 T FLTTRK

7 45 B FLTTRK

8 BBE MOUNT

9 BBE MOUNT 135.1 0.129 86.7 108.1 117.2
10 BBE MOUNT

ii BBE MOUNT !34.8 0.128 87.6 107.9 117.0
12 BBE MOUNT

13 BBE MOUNT SYSTEM MALF_IONING (break in cable

**********************************************************

8. 17 SEPT 86 14:11 pm

SN DISCRIPTION PEAK DURATION ASEL CSEL FSEL

1 FLUSH MOUNT 135.0 0.227 89.4 109.0 122.0

2 FLUSH MOUNT 137.2 0.332 108.3 115.6 123.1

3 FLUSH MOUNT 135.6 0.228 91.1 109.4 122.2

4 45 T FLTTRK 135.4 0.270 92.4 109.5 122.2

5 45 F FLTTRK 135.3 0.119 92.5 109.0 122.3

6 45 T FLTTRK 135.4 0.227 91.8 109.3 122.0

7 45 B FLTTRK 135.3 0.119 92.2 108.4 121.7

8 BBE MOUNT 134.7 0.1,:_ 89.8 108.5 121.3

9 BBE MOUNT 135.2 0.330 89.6 109.2 121.9

10 BBE MOUNT 135.0 0.225 90.2 108.8 121.6
ii BBE MOUNT

12 BBE MOUNT

13 BBE MOUNT. SYSTEm4 NONF'_'NCTIONING (break in cable

SPIKES ON DA'r'
************************************************************

C-5
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9. 17 SEPT 86 14:20 pm

SN DISCRIPTION PEAK DURATION ASEL CSEL FSEL

i FLUSH MOUNT

2 FLUSH MOUNT

3 FLUSH MOUNT 126.6 0.134 84.9 99.7 112.7

4 45 T FLTPRK

5 45 F FLTTRK

6 45 T FLTTRK 126.2 0.139 85.2 100.1 112.9

7 45 B FLTTRK

8 BBE MOUNT
9 BBE MOUNT

10 BBE MOUNT
ii BBE MOUNT

12 BBE MOUNT

13 BBE MOUNT SYSTEM M__IONING (break in cable

************************************************************

10. 17 SEPT 86 14:25 pm

SN DISCRIPTION PEAK DURATION ASEL CSEL FSEL

i FLUSH MOUNT 123.8 0.186 78.2 98.9 108.2
2 FLUSH MOUNT

3 FLUSH MOUNT

4 45 T FLTTRK

5 45 F FLTTRK

c 45 T FLTTRK

7 45 B FLTTRK

8 BBE MOUNT

9 BBE MOUNT 124.1 0.181 80.2 99.0 107.8
10 BBE MOUNT

ii BBE MOUNT

12 BBE MOUNT

13 BBE MOUNT SYST_4 MALFUNCTIONING (break in cable

C-6
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ii. 17 SEPT 86 14:30 pm

SN DISCRIPTION PEAK DURATION ASEL CSEL FSEL

1 FLUSH MOUNT 147.5 0.538 105.9 124.3 131.9
2 FLUSH MOUNT

3 FLUSH MOUNT 148.2 0.155 108.2 124.6 132.0

4 45 T FLTTRK 147.2 0.128 109.6 124.2 131.6

5 45 F FLTTRK 146.8 0.136 108,,4 124.5 132.0

6 45 T FLTTRK 146.1 0.204 108.7 124.3 131.9

7 45 B FLTTRK 146.3 0.155 108.5 124.1 131.9

8 BBE MOUNT 146.1 0.530 107.5 123.9 131.3

9 BBE MOUNT 146.7 0.859 107.4 124.3 131.8

10 BBEMOUNT 146.4 0.529 107.2 124.1 131.5

ii BBE MOUNT 146.6 0.536 107.0 123.9 131.4
12 BBE MOUNT 146.9 0.531 107.3 124.3 131.8

13 BBE MOUNT SYSTEM MALF_IONING (break in cable

12. 17 SEPT 86 15:01 pm

SN DISCRIPTION PEAK DURATION ASEL CSEL FSEL
1 FLUSH MOUNT

2 FLUSH MOUNT 154.1 0.285 110.3 128.0 141.5

3 FLUSH MOUNT 153.9 0.193 108.7 127.9 141.5

4 45 T FLTTRK 153.5 0.278 109.8 127.7 141.4

5 45 F FLTTRK 153.8 @.278 108.8 128.0 141.8

6 45 T FLTTRK 153.6 0.738 110.5 127.9 141.6

7 45 B FLTTRK 153.3 0.742 110.1 127.6 141.4

8 BBE MOUNT 152.7 _.287 107.5 127.1 140.9
9 BBE MOUNT

10 BBEMOUNT

ii BBE_
12 BBE MOUNT

13 BBE MOUNT SYSTEM MALF_IONING (break in cable

C-7
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**********************************************************

13. 17 SEPT 86 15:06 pm

SN DISCRIPTION PEAK DURATION ASEL CSEL FSEL

1 FLUSH MOUNT

2 FLUSH MOUNT 155.2 0.389 113.0 132.4 142.7

3 FLUSH MOUNT 155.3 0.437 116.0 133.0 142.8

4 45 T FLTTRK 155.3 0.274 117.2 132.8 142.6

5 45 F FLTTPK 155..4 0.690 116.5 132.9 142.9
6 45 T FLTTRK 155.7 0.942 118.7 133.4 143.0

7 45 B FLTTRK 155.4 0.690 116.5 132.7 142.7

8 HBE MOUNT 155.0 !.433 117.8 132.3 142.3

9 BBE MOUNT

10 BBE MOUNT 155.2 1.226 114.8 132.6 142.5

ii BBE MOUNT 155.9 1.437 114.8 133.2 142.9

12 BBE MOUNT 155.1 1.435 114.9 132.5 142.6

13 BBE MOUNT SYSTEM MALFUNCTIONING (break in cable

**********************************************************

**********************************************************

14. 18 SEPT 86 9:09

SN DISCRIPTION PEAK D[_ATION ASEL CSEL FSEL

1 BBE MOUNT !30.7 0.164 83.3 104.1 117.3

3 BBE MOUN"I_ 130.3 0.154 82.4 103.7 117.2
9 BBE MOUNT 130.8 0.163 83.5 104.0 117.0

10 BBE MOUNT 130.4 0.164 82.7 103.7 117.0

ii BBE MOU_ 130.5 0.164 82.5 103.9 117.2

C-8
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15. 18 SEPT 86 9:16 am

BEAR SN DISCRIPTION PEAK DURATION AS_L CSEL FSEL

1 BBEMOUNT 128.1 0.791 80.6 102.4 117.4

3 BBEMOUNT 128.1 0.795 80.9 102.3 117.3

9 BBEMOUNT 128.3 0.703 81.2 102.4 117.1

10 BBE MOUNT 128.1 0.790 80.8 102.2 117.0
ii BBE MOUNT 128.2 0.790 81.0 102.4 117.3

**********************************************************

16. 18 SEPT 86 9:32 am

BEAR SN DISCRIPTION PEAK DURATION ASW;. CSEL FSEL

1 BBEMOUNT 133.6 0.464 84.6 107.5 120.0

3 BBEMOUNT 133.6 0.466 84.5 107.4 120.0

9 BBEMOUNT 133.6 0.465 85.3 107.4 119.8

10BBEMOUNT 133.4 0.25_ 85.3 107.3 119.6

ii BBE MOUNT 133.6 0.465 85.5 107.5 119.9

C_9 . u,lI,QOVlmMDl'lZWWllO_O_qot1ira- 1411-00Z1110115
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